Peripherally inserted central catheter (PICC) and umbilical venous catheter (UVC) in terms of success rate, complications, cost and time of insertion in neonatal intensive care were compared. Neonates requiring vascular access for minimum 7 days were included. Sample size of 72 per group was determined. Trial was registered at Clinical Trials Registry of India (CTRI/2015/02/005529). Success rates of the UVC and PICC were 68.1% and 65.3%, respectively (p ¼ 0.724). Mean (SD) time needed for PICC and UVC insertion was 34.13 (34.69) and 28.31 (17.19) min, respectively (p ¼ 0.205). Mean (SD) cost of PICC insertion vs. UVC insertion was 60.9 (8.6) vs. 11.9 (8.7) US dollars (p < 0.0001). Commonest cause for failure of UVC was displacement [6 (8.3%)] and that for PICC was blockage [9 (12.5%)]. Conclusions: UVC is a cheaper alternative to PICC, with similar success rate, short-term complications and time needed for insertion. 
I N T R O D U C T I O N
Intravenous lines are essential in intensive care units for both diagnostic as well as therapeutic reasons. Intravenous lines are broadly divided into two categories: short peripheral lines and central lines. Venous cut-downs or venesections are practiced in neonatal intensive care units (NICUs) only in exceptional scenarios.
Short peripheral lines include the likes of intravenous catheters and butterfly needles. They are associated with multiple complications such as thrombophlebitis, infection and venous thrombosis [1] . Certain infusates like sodium bicarbonate, dopamine, dobutamine, calcium gluconate cause severe phlebitis when administered through peripheral lines [1] . Another factor is the lower rate of infusion through a peripheral cannula [2] . Therefore, in patients who need intravenous access for >5 days, central catheters are recommended in view of convenience, cost benefit and fewer complications [3, 4] .
Central venous access is defined as placement of a catheter with its tip in a venous great vessel, i.e. superior vena cava, inferior vena cava, brachiocephalic, internal jugular, subclavian, iliac and common femoral veins [5] . Central catheters in neonates are of three types: central venous catheters (CVCs), umbilical venous catheters (UVCs) and peripherally inserted central catheters (PICCs). CVCs are less preferred in NICUs, owing to procedural difficulty, higher complication rate and user preferences [6] .
There has been evidence to show that serial usage of UVC followed by PICC in low birth weight neonates is better compared with only peripheral venous access, with few studies directly comparing the two modalities [7, 8] . The usage of PICC or UVC depends primarily on unit protocols and operator preferences. Both of these lines are associated with multiple complications like infection, thrombosis, blockage, displacement, hepatic laceration, liver abscess, pericardial effusion/tamponade, portal venous thrombosis, pleural effusion and embolization [1, [9] [10] [11] [12] .
The current study aimed to compare PICC and UVC in terms of success rate, complications, time required for insertion and cost.
M A T E R I A L S A N D M E T H O D S

Design
It was a parallel group randomized control trial spanning between June 2013 and April 2014. The study was approved by the institutional human research ethics committee and registered at Clinical Trials Registry of India (CTRI/2015/02/005529).
Randomization
Generation of the random number was performed by computer-based software WINPEPI. Folded chits were then inserted into serially numbered, sealed, opaque envelopes, to be opened only at the time of randomization. The neonates were randomized into two groups, PICC or UVC. Randomization was generated by a person not connected with the implementation of the study. Analysis was performed by blinded personnel.
Sample size
Sample size was calculated to be 144 (72 randomized in each group) considering 90% success rate of UVC in our NICU and 70% success rate for PICC in the same setting (based on a pilot study spanning 15 days) at 5% level of significance and keeping power of the test at 80%.
Inclusion and exclusion criteria
Sick newborns admitted to NICU requiring at least 7 days of vascular access (based on clinical judgment or laboratory tests) were included. Randomization was performed after obtaining the consent. In case the neonate was suspected of having sepsis, the PICC insertion was delayed for 48 h [13] . Newborn babies with local bacterial infection at the site of umbilicus or with fallen umbilical cord (usually occurs after 7 days of life) were excluded from the study. Details of patient recruitment and analysis are given in Fig. 1 .
Methodology of the procedure
Appropriate sized UVC (Vygon India Pvt. Ltd.-four, five, six, seven Fr.) or PICC (Vygon India Pvt. Ltd.-Nutriline-two Fr/24G) was inserted in the umbilical vein or peripheral vein respectively following the unit protocols. The unit policy was to remove central lines as soon as possible once clinically feasible, but the maximum duration for which UVC could be kept in situ was 14 days and for PICC, it was 3 months.
The length for UVC insertion was determined by modified Shukla's formula [3 (weight of child) þ 9/2] [14] . The length of which the PICC was to be inserted was approximately determined by measuring the length from the site of insertion to the xiphisternum if PICC was inserted from lower limb, and up to the sternal angle when PICC was inserted from the upper limb. Fixation of the UVC was done after coiling the catheters by micropore and gauze dressing without the use of stitches. PICC was fixed by coiling and using tegaderm dressing and gauze.
Time needed for insertion of the catheter was determined from the point when the person inserting was washed and gowned, till the time of dressing fixation. A digital stopwatch was used for recording the time. The need for central line insertion was determined by the fellows/consultants. The outcome of the patient was determined toward the end of the total hospital stay of the respective patient. The total duration of hospital stay was determined from the day of admission till the day the neonate was discharged/died in the hospital. Cause for failure was determined by the study authors by examining and investigating the patient, both before and after removal of the catheter.
Radiographs were obtained to confirm the position of the catheter tip. In case of UVC, its tip should ideally be at the level of diaphragm radiologically. In case of PICC, the position of the catheter's tip will be classified as within a central vein or a non-central vein. Centrally placed PICCs have better outcomes and thereby were considered appropriately positioned [15] . Continuous infusion of heparin at dosage of 0.5-1 U/ml was used [16] . Investigations such as radiography, echocardiography, sonography, septic screening, tip cultures, blood cultures were done as per clinical need to look for any complications. Success of the catheter was defined as elective removal of the catheter. The study was conducted at a 24-bedded, level-III NICU located in the rural part of Gujarat, India.
Plan of statistical analysis Analysis was performed using descriptive statistics, test of proportion and chi-square test. SPSS 14.0 was used to analyze the data. Descriptive statistics [mean (SD), frequency (%)] were used to depict the baseline profile of the study participants. Chi-square test was used to compare the categorical outcomes like success rate, whereas independent sample t-test was used to compare continuous outcomes like hospital stay, time needed for insertion and cost involved. A p value of <0.05 was considered significant. Primary outcome was determined by the success rate of the intervention. Secondary outcomes were determined by the occurrence of complications, time needed for insertion and cost of catheter insertion.
R E S U L T S
The baseline characteristics and the diagnosis of the neonates of both the control and the intervention group were comparable ( The mean (SD) duration for which the PICC was kept in situ was 8.57 (5.38) days, and the mean (SD) duration for which the UVC was kept in situ was 4.88 (3.23) days (p < 0.0001). The mean (SD) duration of hospital stay of patient in the PICC group was 18.04 (13.66) days, while that in the UVC group was 14.69 (14.91) days (p ¼ 0.162). The mean (SD) time needed for PICC and UVC insertion was 34.13 (34.69) and 28.31 (17.19) min, respectively (p ¼ 0.205). The mean (SD) cost of PICC insertion vs. UVC insertion was 60.9 (8.6) vs. 11.9 (8.7) US dollars (p < 0.0001). The position of the PICC tip was determined to be appropriate in 50 (69.4%), as compared with the UVC, which was appropriate in 36 (50%) (p ¼ 0.017). The most common veins for PICC insertion were saphenous (65.3%), cephalic (11.1%), median cubital (8.4%), popliteal (6.9%) and brachialin (5.6%). Qualifications of the persons inserting PICC are listed in Table 2 .
D I S C U S S I O N
The neonates enrolled in this study were larger and with different pathology, as compared with our Western colleagues, as developing nations encounter different spectrum of patients compared with developed nations [17] [18] [19] . [18, 20, 21] . Regular PICC usage at our center was for past 1 year only. Certain centers follow protocols of avoiding drugs that can precipitate through the PICC to decrease the occlusion rates. Standardized formal training was given to the personnel inserting the PICC but not to nursing staff taking care of PICC. Focused training of the nursing staff can decrease PICC occlusion rate, thereby improving the success rates [22] .
Causes of UVC failure were displacement, severe leakage, sepsis, necrotizing enterocolitis, bleeding and blockage of catheter. Causes of PICC failure include blockage, sepsis, failure to insert, displacement and pleural effusion. Similar complications were also noted by other studies [18, 19, 23] . Serious complications were encountered in both the study arms. But there was no difference in complication rates between the study groups. PICC is thereby as safe of an alternative as UVC. Other studies prove that as the duration of in vivo stay of the catheter increases, PICC seems to be associated with lower infection rates compared with UVC [24] .
The mean duration for which the catheter was in situ was higher for PICC compared with UVC. This might be owing to difference in the unit policy or owing to higher incidence of leakage with UVC causing early removal.
The mean time needed for PICC and UVC insertion was almost similar. UVC insertion was much cheaper compared with PICC insertion. But, a shortcoming of this analysis is that we estimated only the cost of insertion. Ideally, the cost of insertion along with the total cost of NICU stay should be calculated.
Most preferred site for PICC insertion was saphenous vein. The choice of the site is operator as well as patient dependent. Other studies have determined that PICC inserted from upper limb compared with lower limb tend to have a non-centrally placed tip, but no difference in their success rate was observed [15] . In our study, we found that PICC tip was appropriately located in significantly more number of neonates compared with UVC. We could not find any other study with similar findings. The probable cause might be that Shukla's formula, which was used for UVC insertion, was not validated for our center.
Fellows were in general more involved in the process of PICC insertion, and second-year residents were more commonly involved in UVC insertion. This implies that fellows had more opportunities for PICC insertion. It can also indicate that PICC insertion being slightly more complicated than UVC insertion was performed by senior personnel.
Limitations
We could not randomize the personnel inserting the PICC or UVC. This can be a potential source of bias. Long-term outcomes like portal venous hypertension and portal venous thrombosis were not probed in our study.
C O N C L U S I O N S
UVC is a cheaper alternative to PICC, with equivalent success rate, complication rate and time required for insertion, though PICC was appropriately located in more neonates.
